Abstract-Using data for North Carolina public school students in grades 3 to 8, we examine achievement gaps between white students and students from other racial and ethnic groups. We focus on cohorts of students who stay in the state's public schools for all six years. While the black-white gaps are sizable and robust, both Hispanic and Asian students tend to gain on whites as they progress in school. Beyond simple mean differences, we find that the racial gaps in math between low-performing students have tended to shrink as students progress through school, while those for high-performing students have generally widened.
I. Introduction
N O topic goes to the heart of American concerns about equity in K-12 education more than the racial achievement gap. In 2004 Secretary of Education Rod Paige (2004) stated, "The academic achievement gap is the major driver of racial inequity in this country," and commentators across the political spectrum have expressed alarm over its size and consequences. 1 The racial gap itself has been a major impetus for federal education policy as embodied in the No Child Left Behind Act of 2001, and has entered into countless state and local debates regarding school finance equalization, academic tracking, and school testing and accountability programs.
Ever since the Coleman Report in 1966, researchers have known that average achievement test scores of black students lag well behind those of white students, but this issue has been taken up with renewed energy in the last decade. Efforts to describe and explain the achievement gap include studies of differences across cohorts (Lee, 2002; Perie et al., 2005) and the progress of individual cohorts in the early school years (Fryer & Levitt, 2004 Murnane et al. 2006) or in later years (Hanushek & Rivkin, 2006) . These studies show a large and persistent gap in achievement test scores between white and black students, but they differ regarding the size of the gap at the beginning of school, how much of the gap is explained by socioeconomic status, and whether the gap widens as students advance through school grades.
This paper contributes to existing literature by studying racial/ethnic achievement gaps, based on tests that are linked to the state's standard course of study, exhibited by five consecutive cohorts of North Carolina public school students as they progressed from third to eighth grade. We confirm some findings in existing literature: test score gaps between black and white students are sizable, even after controlling for several important student covariates; Hispanic and American Indian students also lag behind whites, albeit less dramatically; and Asian students often score higher than whites, particularly in later grades. Unlike other studies of which we know, we find that the regressionadjusted mean test scores of minority groups other than blacks rise relative to whites as students age, at least over the range of grades that we observe. The regression-adjusted black-white gap in math test scores declines by less than 1% between third and eighth grade but grows by about 11% in reading.
Mean differences in test scores can be misleading if the test score distribution is truncated or compressed at the high or low end. Mean differences are also potentially sensitive to nonlinear transformations of the underlying variable. Although we show that the first concern is not particularly relevant in North Carolina, we present additional evidence on measures of test score disparities that are invariant to monotonic transformations of the underlying variable. The proportion of black students scoring below the median of the white distribution, in both reading and math, fluctuates within a narrow range between 79% and 83% as students progress from third to eighth grade. The proportion of Hispanic students scoring below the white median declines from 71% to 66% in both reading and math over the same interval. Thus our main conclusions regarding central tendency are not sensitive to monotonic transformations in the test score scale.
Looking beyond measures of central tendency, we find that the trend toward improved relative minority test scores in math is concentrated at the low end of the distribution. Disparities in math scores between disadvantaged minority groups and whites shrink at the bottom of the test distribution as students progress through school, but in most cases actually increase at the top. The test score distributions for black and American Indian students become more compressed relative to the white test score distribution over these grades. We suggest a possible explanation for this phenomenon-the possibility that predominantly minority schools have redistributed resources toward lowerperforming students in response to policy incentives-but leave hypothesis tests to subsequent work.
Previous research on the racial achievement gap is summarized in section II of the paper. Section III describes our data. Section IV shows the size of racial achievement gaps in North Carolina applying to different groups, before and after adjusting for socioeconomic differences among stu-dents. Section V looks beyond mean differences to examine other aspects of achievement distributions, and section VI concludes the analysis.
II. Previous Research on the Racial Achievement Gap
Research studies have examined racial and ethnic gaps in achievement using various groups, but by far the most attention has been paid to the black-white gap.
A. The Black-White Gap
Starting in the 1990s researchers used nationally representative samples to document the extent of and change in racial and ethnic gaps in achievement test scores. Several studies examined data from the National Assessment of Educational Progress (NAEP). As summarized by Phillips and Chin (2004, pp. 468-470) , this research showed that the black-white gap at the fourth grade narrowed during the 1970s and into the 1980s, after which it stagnated or grew again slightly. As of 2000, this gap was 0.90 of a standard deviation in math and 0.83 in reading, as shown in table 1. The corresponding gap for eighth graders was more than a full standard deviation (1.06) in math and 0.85 in reading. 2 In a pair of studies using the Early Childhood Longitudinal Study (ECLS), Fryer and Levitt (2004, 2006 ) find a gap of 0.66 in math and 0.40 in reading at the beginning of kindergarten, as shown in table 1. Over successive grades, however, these gaps grew. In contrast, Murnane et al. (2006) find larger initial gaps when they examine a very similar sample of students, but they do not find any growth in the gaps with grade level. As explanation for those conflicting findings, these authors point to differences in the type of tests used in the two studies: in comparison to the more general test used by Murnane et al., the one used by Fryer and Levitt was more closely aligned to items that are learned in school, thus giving students from all family backgrounds a more or less equal start in kindergarten. 3 Three previous studies of achievement gaps rely on administrative data from school systems. Using data from Pasadena, Bali and Alvarez (2004) find black-white gaps roughly 0.55 s.d. and 0.35 in math and reading at first grade and about 0.50 and 0.45 at fourth grade. 4 Hanushek and Rivkin (2006) and Stiefel, Schwartz, and Ellen (2007) employ much larger data sets. The former study, covering the entire state of Texas and examining only math achievement, finds black-white gaps of 0.70 in third grade and 0.76 in eighth. The latter, covering New York City, finds slightly smaller raw gaps in math, and quite a bit smaller adjusted gaps for reading in grade 5 than Murnane et al. Since socioeconomic characteristics such as income and parental education tend to be correlated with race, it is likely that at least a portion of the observed gaps between racial and ethnic groups can be accounted for by nonracial factors. The research on achievement gaps has sought to determine just how large this portion is, in part because it is the portion 2 Precise gaps provided by Meredith Phillips. From this point forward, the units in which achievement gaps are measured will be standard deviations unless otherwise indicated. 3 Whereas the test used in the ECLS sample examined by Fryer and Levitt emphasizes skills learned in school, the test used in the Murnane et al. study stresses a wider set of skills.
4 These figures were derived by dividing the reported gaps, measured as test scores, by the standard deviation of the fourth grade reading test, the only standard deviation reported in the article. See Bali and Alvarez (2004, tables 2 and 3) . of the currently observed gap that presumably will wither away over time as socioeconomic differences recede. 5 In their study covering grades K-3, Fryer and Levitt (2006) find that adding a small set of controls-including age, gender, birth weight, mother's age at first birth, and indicators of socioeconomic status-reduces estimated blackwhite gaps by more than half and actually eliminates the pure racial component at the beginning of kindergarten, after which it grows at the rate of about a tenth of a standard deviation through third grade. Murnane et al. (2006) reach a different conclusion, based, as noted above, on a different sort of achievement test. When they control for socioeconomic status and other student covariates, they find a relatively constant racial gap, a bit smaller than one standard deviation, in both kindergarten and fifth grade.
B. Gaps between Whites and Other Groups
Hispanic students nationwide now comprise a larger minority group than African Americans. Although the historical circumstances and policy issues may differ between these two groups, the issues related to measuring the test score gap with whites and adjusting the gap for socioeconomic differences are quite parallel. As a general matter, the size of the Hispanic-white gap tends to be smaller than the black-white one. In their analysis of the NAEP, for example, Phillips and Chin (2004) find gaps on the order of 0.70 standard deviations on both math and reading at the fourth grade level (compared with the 0.90 and 0.83 black-white gaps in math and reading, respectively). At eighth grade, the corresponding Hispanic-white differences were nearly 0.90 and 0.80, smaller than the black-white gap in math but about the same as the black-white gap in reading. In their fourth grade calculations, Bali and Alvarez (2004) find Hispanicwhite gaps about half the size of the black-white one. Although smaller than the black-white gap, the Hispanicwhite gap has been seen as stubbornly constant in recent decades. 6 Nor does research suggest any shrinkage in this gap as students progress through school. As a percentage of the corresponding black-white gap on the NAEP in 2004, the Hispanic-white gap was 74% as large at fourth grade and 88% at eighth grade (Perie et al., 2005, pp. 41-44) . In their somewhat gloomy National Research Council study, Tienda and Mitchell (2006, pp. 82-85) report that this gap remains constant through elementary school, as Hispanic students suffer from disadvantageous home environments, teacher biases, and low motivation. 7 In a similar study of students in publicly supported English schools, Wilson, Burgess, and Briggs (2005) examine the gaps in tests taken between ages 7 and 16, between white students and those from several ethnic minority groups. They find that raw achievement scores for whites exceeded those for most minority groups, there was little gap with respect to Indians, and whites were consistently behind Chinese students. When scores are adjusted for differences in socioeconomic status, both of these nonwhite groups consistently outperformed white students. As students progress through school, most nonwhite groups gained relative to white students over most years. 8
III. Data
In this paper we analyze administrative data from North Carolina, one of the first and most prominent of the states to develop a mandatory statewide testing and accountability program. Having begun statewide testing in the 1970s and designed its own tests beginning in 1993, the state launched its accountability program, called the ABCs of Education, in the fall of 1996, which required the testing of all students in grades 3 to 8 and offered monetary rewards to teachers in high-performing schools. 9 The state is both large and ethnically diverse. In 2002 its public schools enrolled 1.3 million public school students, giving it the eleventh largest public school enrollment among the fifty states (U.S. Department of Education, 2005, table 37 ). Its largest racial minority is African American, with these black students making up 31.4% of the state's public school students in 2004/05. Another 7.5% were Hispanic, this share having grown rapidly in recent years. Asian students comprised 2.0% of the total. And, reflecting concentrations of Cherokee in the west and Lumbee in the east, another 1.5% of students were American Indian (North Carolina Public Schools, 2005, p. 24) .
The data used in the present study are derived from administrative records created by North Carolina's Department of Public Instruction and maintained by the North Carolina Education Research Data Center. 10 The state required all students to take standardized achievement tests in both math and reading at the end of every grade between grades 3 and 8. Using unique student identifying numbers that had been assigned randomly to individual students by the Data Center, we were able to match a student's records over time, making it possible to compare trends in student 5 For an analysis that discusses the relationship between changes in the achievement gap and long-term socioeconomic differences, see Krueger, Rothstein, and Turner (2005) .
6 Lee (2002, figures 2 and 3) shows that Hispanic-white gaps based on math and reading NAEP scores at three age levels have not declined since the late 1980s and the gap in SAT scores increased in the 1990s. Kao and Thompson (2003, p. 431) find that, after controlling for socioeconomic status, the achievement of white and Hispanic students was very close.
7 They state (p. 85): "Weak relations with teachers diminish students' motivation to pursue academic work, and in turn lower teachers' expectations in a self-perpetuating cycle of academic disengagement and underachievement."
8 The adjusted gap measured in standard deviation units, for example, shows Pakistani students 0.22 behind whites at age 7 but 0.02 ahead at age 11; black Caribbean students remain behind by 0.42 and 0.19. By contrast, Indian and Chinese students are ahead of whites at both ages (Wilson, Burgess, & Briggs, 2005, achievement using an intact sample of students. Not only does the data set provide information on test scores and many of the usual set of demographic variables, it also contains information on parents' education and the school district attended. To facilitate comparisons across years, we normalized the scaled scores for each test in every year over all students in the state who took the test so that each test would have a mean score of 0 and a standard deviation of 1. On this normalized scale, positive scores denote aboveaverage performances relative to the statewide average, and negative scores denote below-average performance. Because we have achievement test data for grades 3 to 8 spanning the school years 1994/95 to 2004/05, we were able to examine five cohorts of students, most of whom progressed normally from grade 3 to 8. 11 So that our results would not be influenced by the movement of students in or out of the state or to and from private schools, we examined a series of intact cohorts of public school students. For both the math and reading tests we included in each cohort all students who took the corresponding third grade end-of-grade test in a given year and end-of-grade tests in each succeeding year. 12 Thus our results apply only to students who were enrolled in North Carolina public schools for six years, a fact that is particularly important with respect to Hispanic students, as we discuss in more detail in the next section. We have explicitly chosen to include in the sample students who repeated one or more grades, provided they appeared for six years. Leaving them out of the analysis would produce a seriously unrepresentative sample, in light of the high rates of grade retention among black and Hispanic students. In order to deal with students who fall behind in grade from those in their age cohort, we exploit the fact that standardized tests in North Carolina employ a developmental scale explicitly designed "to measure growth in skills and knowledge throughout the grades" (North Carolina State Board of Education, 1996, p. 31) . Based on this feature, our basic estimates express a retained student's test outcome in terms of standard deviations from the mean of his or her former peers. 13 Because the scale scores may not have been successfully aligned as intended, however, we offer several alternative measures of the achievement gap, discussed below. By focusing on students who remained in the state's public schools for six successive years, we are necessarily examining an unrepresentative group. These students on average had higher scores in third grade and their parents had higher educational attainment than those students who did not qualify. 14 But we believe the benefits from our focus on intact cohorts-most importantly, the exclusion of newly arrived immigrants from the sample-outweighs this drawback.
IV. Mean Differences in Achievement across Racial and Ethnic Groups
We begin our analysis of racial achievement gaps by examining levels and differences in mean achievement level by grade, with no corrections made for location or socioeconomic differences. We then note results using several alternative measures of raw gaps. Finally, we present regression-adjusted estimates of mean differences. Stiefel et al. (2007) for grades 5 and 8, somewhat smaller than those obtained by Fryer and Levitt (2006) for grade 3 and Phillips and Chin (2004) for grades 4 and 8, slightly larger than those observed by Hanushek and Rivkin (2006) for math in grades 3, 5, and 8, and quite a bit larger than Bali and Alvarez's (2004) fourth grade gap based on a single school district. It is instructive to compare our cal-11 Appendix table B1 shows the structure of the data by year and grade. Note that the sample sizes for the reading cohorts (those students who had six successive years' data) are slightly smaller than those for the corresponding math cohorts. Limited English proficient (LEP) students could be excused their first year in the United States for the end-of-grade test in reading, but not in math. 12 The last two lines in appendix table B1 show the size of each year's cohort for each of the two tests. These cohorts grew in size much more rapidly than the state's overall public school enrollment, which increased at an average rate of 1.8% a year (calculated from NCES, Digest of Education Statistics 2004, table 37, http://nces.ed.gov/programs/digest/ d04/tables/dt04_037.asp, accessed January 9, 2006), owing to a significant increase in the rate of matching students' records across grades made possible by the availability of names and social security numbers beginning with data for the 1995/96 school year. 13 For a student held back in fourth grade, for example, we calculated a normalized score by applying the mean and standard deviation of fifth grade scores in that year to the student's actual scale score on the fourth grade test. Appendix A discusses our treatment of students who were retained in grade, and appendix figure A1 illustrates differences in retention by race and ethnicity. Calculations based only on students who made normal progress through grades not surprisingly produce higher average scores, but the resulting racial gaps are similar in size to those based on entire cohorts, as illustrated for black and Hispanic students in figures 2A and 2B.
A. Raw Achievement Gaps
14 See appendix table A2 for a comparison of students included and excluded from the 1999 cohort.
15 Students were observed in six successive years. As explained in appendix A, those few who indicated different racial/ethnic groups were assigned to the group most often cited. Except in cases involving the multiracial category, we dropped any student who cited two groups an equal number of years. When the multiracial group was one of the groups in a tie, we assigned the student to the other racial group if the other group was cited in at least three years. Because of this asymmetric treatment, we give less attention to the gap for multiracial students. 1995; 61,593 in 1996; 71,753 in 1997; 76,398 in 1998; and 79,147 in 1999 . The cohort consists of NC public school students who took the grade 3 math end-of-grade test in the spring of 1998 and who took end-of-year math tests in each of the following five years. For reading, the cohort is defined analogously and contains 56,473 students in 1995; 61,332 in 1996; 71,334 in 1997; 75,853 in 1998; and 78,431 in 1999. Source: North Carolina Education Data Center; authors' calculations.
FIGURE 1.-RAW ACHIEVEMENT GAPS, 1995-1999 COMBINED COHORTS, MATH AND READING
Note: Achievement gaps are differences in mean normalized achievement scores, measured in standard deviation units, estimated in regressions combining five cohorts and containing indicators for racial/ethnic groups other than whites and for cohorts other than 1995. See table 2. culated black-white gaps, based on intact cohorts, with gaps based on data for all black and white students for whom data are available each year. As shown in figure 2A (and appendix table A1A), the black-white gap based on such repeated cross sections closely tracks those based on intact cohorts. Students of both races who moved in and out of the public schools generally did worse than those with stable enrollment patterns, but the black-white gap was not materially affected by including them.
For Hispanic students the pattern of gaps is quite different. Compared with black students, Hispanic students started with a smaller gap in third grade and then reduced that gap further as they progressed into middle school. In math, they began an average of 0.516 standard deviation behind whites, and by eighth grade they were just 0.384 behind, a reduction of 25%. In reading, the gap started out larger than in math; between third and eighth grade this gap fell by almost 30%, from 0.562 to 0.397 standard deviation. 16 Crucial to this result is our restricted focus on students who were in the public schools for six consecutive years. This restriction not only leaves out Hispanic students whose families moved out of North Carolina after the third grade year, but, more importantly, it also leaves out those who moved into the state after third grade. Reflecting the steady flow of immigrants into North Carolina over the years covered by our data, this second group of Hispanic students was numerous, and they tended to have lower scores than the Hispanic students in our cohorts. Thus an achievement gap based on repeated cross sections would be larger than those we calculate based on intact cohorts and would grow rather than shrink with each grade. As shown in figure 2B , Hispanic-white achievement gaps based on repeated cross sections were slightly larger at third grade than those based on cohorts. In later grades, however, the gap based on repeated cross sections increased markedly (19% in math and 31% in reading) while that based on our cohorts decreased, as noted above. 17 This stark contrast illustrates why the pattern of raw gaps for Hispanic students shown in 16 Fryer and Levitt (2006, p table 2 differs so profoundly from the impression given by the NAEP and other repeated cross-section calculations. Thus, the marked improvement we observe among Hispanic students relative to whites is highly dependent upon our decision to focus on unchanging cohorts of students. Those Hispanic students who began in third grade and stayed in the state's public schools for five more years tended to learn English if they were not fluent before and proceeded to improve relative to whites in both math and English. 18 Our results serve as a warning not to obscure the promising gains being achieved by established Hispanic students by combining them with the lower scores of newly arrived immigrants-precisely the result that emerges from exclusive reliance on periodic snapshots such as those provided by the NAEP-based national report cards. 19 Asian students made steady progress from grade to grade relative to whites. By eighth grade, the average Asian student had a math score more than a third of a standard deviation above that of the average white student and was slightly ahead (by 9.5% of a standard deviation) in reading. This pattern is remarkably similar to that found by Burgess and Wilson (2005) for Chinese and Indian students in English schools. The American Indian students in North Carolina remained more than half a standard deviation below white students in both tests. Multiracial students experienced gaps smaller than those for disadvantaged minority groups, and these gaps remained rather stable as students progressed in school.
As noted above, our approach in assigning normalized scores to students who fall behind in grade is based on the assumption that the underlying scale scores are directly comparable across grades. This assumption will be violated if the scale scores on the state's tests for successive grades are not vertically equated so as to constitute a single measuring rod from grade to grade. To assess how sensitive our 18 To illustrate, the percentage of the 1999 cohort of Hispanic students classified as limited English proficient fell from 37.9% in 1999 to 17.3% in 2002. 19 Strikingly, other unchanging cohorts of students who first appear in the fourth and fifth grades reveal larger initial Hispanic-white achievement gaps but the same pattern of shrinking gaps in succeeding years. results are to this assumption, we made calculations using two alternative approaches that do not rely on this assumption. The first alternative is simply to omit from the sample all students who failed or skipped a grade. Although this approach avoids the necessity of assigning a score to students who are behind in grade, it presents a distorted picture of racial achievement gaps because it does not reflect the differential retention rates by race, as noted above. As illustrated in figures 2A and 2B, gaps based only on nonrepeaters are smaller than those for our cohorts, but the patterns of change over the six grades are very similar. 20 The second alternative uses a different assumption: that grade repeaters would have scored below the median for their race had they made normal progress. 21 Under this assumption, we do not actually need to observe these counterfactual test scores so long as we focus on comparing medians in the test score distribution, rather than means. While the median is a conceptually distinct measure of central tendency, it is also interesting in its own right. 22 Gaps based on medians, where grade repeaters are assigned arbitrary scores below the median for their racial/ethnic group, are shown for the black-white gap in figure 2A and for the Hispanic-white gap in figure 2B . 23 Median gaps are uniformly larger in all grades for both races in both subjects, implying that the test score distributions of whites are differentially skewed as compared with those of nonwhite groups. In section V below we confirm that the white test score distribution generally has a longer lower tail than the black test score distribution, while the black test score distribution has a longer upper tail. This difference is exactly consistent with a narrower gap in means than in medians.
In the Hispanic-white case, median gaps track mean gaps quite well, diminishing as students progress from third to eighth grade, but black-white median gaps follow different patterns from mean gaps in some respects. In math, the median black-white test score gap shows more year-to-year fluctuation than the mean gap, and has a more noticeable downward trend. In reading, the median gap lacks the downward trend shown in the mean gap. These differences in the variability and trend between mean and median test scores imply that the relative shapes of the black and white test score distributions are changing over the course of grade progression. If the mean of one distribution increased relative to the other, but all other moments of the distributions remained the same, we would not observe these differences. In section V below, we show that the black test score distribution, particularly in math, becomes more compressed relative to the white test score distribution as students progress from third to eighth grade. Given the skewness in the initial distribution, this compression has a stronger effect on the mean than the median.
B. Regression-Adjusted Achievement Gaps
Because students in various ethnic and racial groups typically differ in other ways that are systematically associated with achievement levels, such as socioeconomic status, researchers have sought to control statistically for such factors so as to isolate the component of achievement gaps purely related to racial or ethnic category. 24 The controls used in these studies are of two types: measures of students' personal and family characteristics and descriptive measures of schools and teachers. A principal reason for including variables of the latter type is to explore the extent to which observed gaps may be due to quality differences in schools attended by white and minority students. In this paper, we use measures only of the first type, leaving for separate analysis the examination of how schools and teachers affect achievement gaps. If such socioeconomic measures were uncorrelated with school quality, unbiased estimates of adjusted achievement gaps could be obtained simply by including such measures in regressions explaining student achievement. However, there exists ample evidence that children of better educated and more affluent parents tend to be taught in schools with teachers who have better credentials and more experience. 25 To mitigate the likelihood of omitted variable bias stemming from such correlations, we estimate regressions explaining normalized achievement test scores, using as regressors indicator variables for each racial group other than white, a set of other student covariates for which we have data, and school fixed effects. 26 This list of variables includes gender, age in the spring of the third grade, parental education, eligibility for free or reduced-price lunch, and indicator variables signifying type of district and region within the state. 27 To obtain gaps that are adjusted for differences in personal and family 20 These differences are shown in detail in appendix tables A1A and A1B. 21 This assumption would be suspect if the proportion of students repeating a grade approached 50%. Appendix figure A1 shows that more than 80% of students of any given race make normal progress from grade 3 to 8 over six years. 22 Since virtually all grade repeaters obtain scaled scores below the median for their race anyway, an analysis of median gaps using this assumption is basically identical to an analysis of median gaps under the original assumption that scale scores are comparable across grades. 23 Appendix tables A1A and A1B calculations for all of these alternative measures for black and Hispanic students. A third alternative measure addresses the sensitivity of our calculations to the possibility that the standard deviations of actual scores do not reflect the true variation in ability. We thus calculated gaps assuming a constant standard deviation of 10 scale points. (This contrasts with calculated values that ranged over the grades and years of our sample from 8.3 to 11.9.) The gaps measured using this metric, shown in appendix tables A1A and A1B, likewise retained the same pattern as our basic calculations. 24 Appendix table B3 illustrates for the 1999 cohort how measures such as parental education and free lunch status differ across the racial and ethnic groups used in this study. 25 See, for example, Clotfelter et al. (2007) . 26 To be sure, school fixed effects may "overcorrect" for differences in school quality in that they will tend also to correct for differences in neighborhood or community attributes.
27 Shown in appendix tables B2A and B2B, the twelve estimated regressions in sets of six for math and reading scores, one per grade, pool observations from the five cohorts and restrict the estimated effect of covariates to be equal across all racial groups. Regressions estimated with covariates but not school quality, we hold constant the effects of covariates but allow mean school fixed effects to differ by racial/ethnic group, thus eliminating only the effects of the covariates from the raw gaps. 28 This approach also allows us to decompose the raw gaps into three parts. One portion represents the effect of differences in student covariates, and is simply the difference between the raw and adjusted gaps shown in figures 1 and 3. The adjusted gap can be further divided into the portion attributable to school fixed effects and the portion that is otherwise unexplained by included variables other than racial/ethnic indicators. Figure 3 shows estimated gaps adjusted for differences in student covariates. Not surprisingly, this statistical correction reduces the size of the black-white gap. For math, that adjusted gap averages about half a standard deviation, roughly three-fifths the size of the raw gap, which averaged about Ϫ0.80 s.d. over the six years covered (shown in table 2). Similarly, the adjusted gap in reading averages somewhat less than half a standard deviation, compared with an average of about three-quarters without adjustments. Although reduced in size, therefore, the adjusted gap between white and black students remains sizable. While there is no discernible trend over the grades in the reading gap, the math gap does decline slightly, by 0.08 s.d. The decompoonly two racial groups at a time, which effectively relax this restriction, produce similar results. Regressions estimated separately for each cohort show little evidence of meaningful differences in the level or trend of any racial achievement gap. 28 Using estimated coefficients from regressions with school fixed effects to calculate gaps in mean predicted scores by group when all covariates are set to 0. sition noted above is shown in table 3. For example, it shows that the total black-white gap for math in third grade (Ϫ0.783) can be divided into three parts: Ϫ0.231 due to differences in student covariates, Ϫ0.021 due to school fixed effects, and Ϫ0.530 otherwise unexplained by included variables. As is evident, the school fixed effect is relatively small for both tests over all grades, averaging just 7% of the total raw math black-white gap and 6% of the raw reading gap. 29 Our findings suggest that variation in school quality and other aspects of communities correlated with school attendance does not account for a large part of the total black-white gap in North Carolina, though it does grow in importance over the grades we study.
For Hispanic students, the effect of the statistical adjustment for covariates is striking: by fifth grade these students were on a par with whites in both math and reading. By eighth grade, adjusted scores for Hispanic students in the state surpassed those of observationally equivalent whites by roughly a tenth of a standard deviation. These gains relative to whites are parallel to those observed above in the raw gaps, only they begin with a smaller gap. Thus, once income and educational background differences are taken into account, Hispanic students in North Carolina were outperforming whites by the end of middle school. 30 Two features of the analysis explain this striking result, and serve to qualify it. First, the estimated equation underlying the adjustment includes both family income and parental education, two characteristics on which Hispanic students differ markedly from whites. 31 Second, to repeat the point emphasized above, our focus on intact cohorts of Hispanic students necessarily ignores newly arrived immigrants and their likely lower average achievement scores. Decomposing the Hispanic-white gap shows that, averaging over all six grades, school fixed effects explain only 6% of the total gap in math and 4% in reading, suggesting again that differences in school quality play a minor role in explaining achievement gaps in North Carolina.
For Asian students, the statistical adjustment has only a small effect on the size of the gap, because of their greater socioeconomic similarity with whites. The resulting estimates show Asian students surpassing whites on both tests and in all years except third and fourth grade reading. For American Indians, the adjustment markedly reduces the gap with whites, cutting it by more than half in most grades, owing to the large differences in income and education levels between white and Indian families in the state. In this case school fixed effects play a larger role than with other disadvantaged minority groups, accounting for 12% of the raw gap in math and 18% in reading. This difference could reflect the comparatively high level of segregation for American Indian students in the state: more than half of 29 The small contribution of school fixed effects in the present study is similar to the findings of Fryer and Levitt (2006, tables 1 and 6) for third grade but considerably smaller than those implied by Hanushek and Rivkin (2006, (Orfield & Lee, 2004, tables 11 and 14) , the large difference in Texas could be attributable to large differences in community characteristics or school quality between schools attended by black and white students. 30 Little if any of the relative improvement by Hispanic students over the six grades can be attributed to their improved economic standing. A year-by-year comparison of subsidized lunch rates for the 1999 cohort, the only one for which information was available in every year, shows the white-Hispanic gap falling slightly (from 51.4% to 49.1%) between third and fifth grade and then remaining constant thereafter.
31 See appendix tables B2A and B2B for a comparison of mean values by racial/ethnic group. Note: Total gaps are taken from table 2; the unexplained portions are the coefficients of race/ethnicity indicators in regressions explaining normalized end-of-grade test scores and including student covariates for gender, age, subsidized lunch, parental education, year of cohort, type of district, region, and school fixed effects. The school F.E. portion is the difference from whites in the average coefficient of the school effect, and the covariates portion is the difference from whites based on covariates.
those students attend schools in two relatively small counties, Robeson and Swain. The regression-adjusted estimates also show stronger trends toward convergence for this group. The adjusted gap between multiracial students and whites similarly shows convergence and is reduced in overall size.
Although the evidence of convergence for most disadvantaged minority groups conditional on observable characteristics might be construed as promising, it necessarily implies that the importance of certain other characteristics in determining test scores must be increasing over time. Indeed, the estimated equations in appendix tables B2A and B2B show that the gap between poor and nonpoor students (classified here according to their eligibility for subsidized lunches in seventh or eighth grade) increases marginally as students get older. 32 This increase might mean that a portion of the racial gap is morphing into an economic gap as students age. Why a similar change does not emerge from the parental education coefficients, however, is unclear.
A second factor showing increasing importance over time is student age. Students who are old relative to their cohort perform worse than their younger counterparts, and this gap grows over time. Disadvantaged minority students show a very slight tendency toward being older than whites (see appendix table B3), possibly because they are more likely to be retained prior to entering our analysis as third graders. Thus, while the pattern of convergence in test score gaps is encouraging in some respects, researchers and policymakers should continue making efforts to understand the widening gaps along other dimensions.
V. Racial Gaps at Other Points in the Achievement Distribution
Much of the existing literature on racial achievement gaps focuses on differences in raw or regression-adjusted means. While the mean is certainly a useful, intuitive statistic for measuring differences between racial and ethnic groups, there are several reasons to pay attention to other measures of racial disparities in test scores. Monotone transformations of a test score scale can have very large effects on differences in means or medians. Compression or truncation of the test score distribution at the high or low end can skew mean differences. Measures of central tendency, whether means or medians, can also obscure offsetting relative movements occurring at varying points in the test score distribution.
To address these concerns, figure 4 and tables 4A and 4B use a different methodology to analyze test score disparities between whites and other racial groups, a cross-referencing of percentiles. This method has the advantage of being entirely invariant to monotone transformations of the test score distribution. Figure 4 shows the proportion of black or Hispanic students with test scores at or below the median of the white distribution. Were there no racial disparity in test scores, we would expect 50% of each group to score at or below the white median. In both reading and math, the figure shows that four out of every five black students have test scores below the white median. These significant disparities remain roughly constant across grades, supporting the general conclusion that there is little net improvement or worsening of the black-white achievement gap as students age. As for Hispanic students, figure 4 shows improvement relative to white students through the six grade levels, consistent with our findings above based on intact cohorts. The proportion of Hispanic students scoring below the white median in third grade is about 71% in both math and reading. Six years later, the percentage is only 66%. Tables 4A and 4B present similar statistics focusing at the upper and lower tails of the test score distribution. In both tables, each row tracks the experience of a single cohort of students between third and eighth grade, in a single test score subject. To track trends at the lower tail of the achievement distribution, we report the proportion of students of a given race who score below the 10th percentile of the white distribution. Were there no racial disparity in test scores, we would expect 10% of students of any given race to fall below the white 10th percentile. Higher numbers indicate an overconcentration of minority students in the lower tail of the distribution. To track trends in the upper tail, we report the proportion of white students who fall above the 90th percentile of a given minority group. Again, we would expect a value of 10% in a world with no racial disparities. Higher numbers indicate that whites are concentrated at the high end of the test score distribution. Table 4A reveals substantial and persistent disparities in math scores between blacks and whites, Hispanics and whites, and American Indians and whites, at each cohort and each point in time. The black-white disparities are largest. At any given point in time, more than a quarter of blacks test below the 10th percentile of the white distribution, 32 We considered the possibility that this result might be due to measurement error, but this appears unlikely. As noted in the text above, we used eligibility for free or reduced-price lunch in grades 7 or 8 because those were the only two grades for which we had such information for all five cohorts. If families move in and out of poverty in years when students are in these grades, our measure could be a less precise indicator of poverty for students in early grades than when they were in grades 7 and 8. A consequence would be classic errors-in-variables that would bias the coefficient of the subsidized lunch indicator in the earlier grades toward 0, which could in turn raise the estimated coefficient on the race/ethnicity indicators to the extent they were correlated with income level.
To test for this possibility, we examined data for the 1999 cohort only (the only cohort for which we had subsidized lunch information for each year). We found that our grade 7-8 measure of subsidized lunch eligibility is indeed more highly correlated to contemporaneous eligibility (0.66 for third grade math versus 0.86 for eighth grade math, for example). This variation appears to exert little bias, however. We estimated regressions of the form of those in appendix tables B2A B2B, comparing the results when the indicator for actual contemporaneous eligibility for subsidized lunches was substituted for our indicator based on status in grades 7 and 8. We found no significant difference between any of the pairs of estimated coefficients for the subsidized lunch or any of the race/ethnicity indicators. and more than a third of whites score above the black 90th percentile.
Tracking the experience of individual cohorts over time, we find important differences at the low and high ends of the test score distribution. For each of the five cohorts tracked here, the proportion of black students testing below the white 10th percentile decreased over time, by between 2 and 4 percentage points. By contrast, the proportion of whites scoring above the black 90th percentile increased in four out of five cohorts. Thus, the black-white test score gap in math narrows at the low end of the distribution, but widens at the high end of the distribution. In other words, the black distribution becomes compressed relative to the white distribution. Similar, if not more dramatic, compression occurs in the American Indian test score distribution. Hispanic students show more consistent evidence of advancing relative to whites at both the high and low ends, but in four out of five cohorts progress is more rapid at the low end. Figures 5A and 5B illustrate the compression of the distribution of black math scores relative to the white distribution, shown as kernal density plots of unnormalized scale scores based on the 1999 cohort. Figure 5A presents third grade distributions, while figure 5B shows the eighth grade distributions. In third grade, the two distributions have very similar peaks, at a density of 0.04. By the time these students reach eighth grade, the black test score distribution has a slightly higher peak, clearly above 0.04, while the white peak is clearly below 0.04. Over time, the white test score distribution transforms from one that is clearly skewed to one that is roughly symmetric. The black test score distribution, if anything switches from having an elongated lower tail to having an elongated upper tail. This shift in distribution implies that the black mean increases more rapidly than the black median over time. This, in turn, explains why the black-white gap in median test scores expands relative to the black-white gap in mean test scores in figure 2A . The black mean keeps pace with the white mean; the slower advance of the black median relative to the mean implies that it falls behind the white median. 33 33 The elongation of the upper tail referenced in the text explains the difference between the trend in figure 2A and the steadiness observed in Asian students clearly do not fit the mold of other minority groups. In virtually every instance, Asian students start ahead of whites-with fewer than 10% of students starting below the white 10th percentile and fewer than 10% of whites scoring above the Asian 90th percentile-and advance still further between third and eighth grade. Unlike other groups, there is no evidence that Asian advances relative to whites are concentrated at the low end of the test score distribution. Table 4B presents the corresponding set of findings in the reading test score distribution. Once again, there are sizable and persistent gaps between blacks and whites, Hispanics and whites, and American Indians and whites. One-quarter or more of the black students in each cohort score below the white 10th percentile, and roughly one-third of white students in each cohort score above the black 90th percentile.
The only evidence of narrowing in the black-white reading test score gap is found at the high end of the distribution, where black advances relative to whites are observed in four out of five cohorts. At the low end of the distribution, disparities remain steady or increase, which is a direct contrast to the math test score distribution. Thus, in reading, figure 4. The black math median is not keeping up with the white math median, so the gap between medians increases. The elongation of the upper tail of the black distribution allows the black 80th percentile to keep up with the white median at the same time. the black test score distribution is widening, if anything, relative to the white test score distribution. Hispanic and American Indian students show more consistent evidence of advancing relative to whites between third and eighth grade, at both the high and low ends of the distribution. Asian students, once again, are at or above white achievement levels in third grade and improve relative to white students over the next five years, at both ends of the distribution. Why do racial math test score gaps tend to close at the bottom end of the distribution and widen at the top end? Why don't reading test score gaps follow the same pattern? Although a full evaluation of these findings is beyond the scope of this paper, one reasonable hypothesis about the pattern for math is that it reflects efforts to meet standards imposed by school accountability programs, such as North Carolina's ABCs program and the federal No Child Left Behind Act, which assign disproportionate weight to lowperforming students. These and other accountability programs include sanctions that punish schools where students fail to attain a minimum level of achievement. This emphasis on bringing all students up to a certain threshold may lead some schools to reallocate instructional resources away from high-performing children and toward low-performing children. If schools with high concentrations of low achievers divert more resources away from high performers than other schools, high performers will be disadvantaged when they attend such schools. The observed erosion of the relative position of high-achieving black students might then reflect the tendency for these students to have more low-performing classmates than their white counterparts.
The absence of compression in the reading test score distribution at first seems to contradict this hypothesis, but it might reflect the marginally larger growth in the blackwhite gap over the grades in reading. The fact that the black-white math gap grows less than that in reading might reflect a more successful redistribution of instructional resources in math toward low-performing children. 34 We must, however, leave further analysis of this phenomenon to future work. In any case, the possibility that raising the test scores of low-performing students in math may come at the expense of scores of high-performing students merits additional research.
VI. Conclusion
Our analysis of North Carolina administrative data adds to the body of research on racial achievement gaps by focusing on several very large cohorts of students in an ethnically diverse state, by examining gaps with respect to students in four different minority groups, and by looking 34 A straightforward test of this hypothesis would be to compare cohorts educated before and after the implementation of North Carolina's accountability system, to see whether the system's implementation is associated with a decline in test scores for high-performing students in schools with a high proportion of low-performing students. We are unable to test this hypothesis because our earliest cohort did not reach eighth grade before the implementation of accountability in North Carolina.
In considering the possible effects of accountability programs, it is instructive to ask how the mean achievement gaps changed over the five cohorts. To test for secular trends in these gaps, we estimated regressions with student covariates, interacting a linear time trend with indicators for each racial/ethnic group. The estimated coefficients for those interaction terms, shown in appendix table B4, indicate the average annual change in each gap at grades 3 and 8. Positive coefficients show improvement relative to white students, and negative ones show worsening gaps.
The table shows that the black-white gap gradually improved over the period in math at both grade levels and in reading at grade 8, but in no case changing by as much as 2% of a standard deviation per year. The gap for Hispanic students reveals a seemingly contradictory pattern, with a growing gap in math in grade 3 but a shrinking gap for reading only at eighth grade. For Asian students, the only statistically significant trend is in reading at eighth grade. The group showing the most consistent progress in relation to whites is American Indians, who reduced their gap in both subjects at third grade and in math at eighth grade. The rate of improvement in eighth grade math for this group, 2.5% of a standard deviation a year, was about twice the rate experienced by black students and the rates of improvement in grade 3 were even higher. If continued, these rates imply that half the third grade raw gaps with whites could be eliminated in a decade. THE ACADEMIC ACHIEVEMENT GAPbeyond the mean of the distribution to uncover a more complicated pattern. Because the cohorts contain students who remained in the state's public schools for six consecutive years, the results are not influenced by immigration, private school enrollment, or movements across state lines, any of which could change the composition of students in the public schools. To be sure, restricting ourselves to students who remain in the state and in the public schools necessarily limits the generalizability of our findings, but we believe this drawback is vastly outweighed by the advantages of observing the academic performance of intact groups of students over time. Only by comparing such intact groups can one identify how gaps change as students progress through school.
Like previous studies, we find large gaps in mean achievement between white and black students. In contrast to some of those studies, however, we find no appreciable growth in the gap as students progress through school. Other disadvantaged minority groups, namely Hispanics and American Indians, also display lower test scores than whites, but these gaps are uniformly smaller than the blackwhite gap and show evidence of dissipating as students age. Asian students surpass whites between third and eighth grades. Our findings are also consistent with previous research in that socioeconomic factors explain a sizable portion of these racial test score gaps, for example, about a third of the black-white raw gaps. Indeed, these factors grow more important as students advance in school. Our work departs from previous research, however, in showing that the gap between cohorts of white and Hispanic students narrows markedly between third and eighth grades.
In the case of the black-white gap in math, the relative stability of the gap in means masks two divergent trends in the tails of the achievement distribution. At the low end of the achievement distribution, the gaps between white and black students shrink. At the high end, however, test score gaps tend to increase by similar amounts as students age. This tendency may reflect any number of different factors, but one important question for further research is whether these divergent trends reflect tradeoffs that are being made in response to accountability programs, such as NCLB and North Carolina's ABCs program, designed to raise the achievement of those at the bottom of the distribution.
Grade Retention
Any student who failed a grade necessarily did not take all tests in the same years as most of his or her peers. Simply eliminating these students would have yielded a seriously distorted sample, because rates of grade retention differ systematically by race. Figure A1 depicts the proportions of five racial/ethnic groups who progressed as expected from grade to grade. It shows that school careers with normal grade progression were markedly less common among black students than among white students, with Hispanic students falling between these groups. Five years after the 1998/99 school year, only 84% of the black students in the cohort had reached the eighth grade, compared with 89% of Hispanic and 94% of white students. 35 Our approach to dealing with these repeaters is to base a student's achievement on the scale score received in a year regardless of the student's grade. More precisely, we computed for these students a score based on the student's actual test performance but standardized according to test performance in the student's "normal" rather than actual grade. For example, we applied the score a student obtained on the third grade test after being retained in grade to the state distribution of the fourth grade scores to infer where that student would have fallen if he or she had taken the fourth grade test. We take this approach because it was the explicit aim of the state for its "developmental scale scores" to be used in just this way-"like a ruler that measures growth in reading and mathematics from year to year. Just like height in inches, the student's scores in reading and mathematics are expected to increase each year" (Public Schools of North Carolina, 2004, pp. 1-2). In the early 1990s the state devised the tests by converting raw scores based on the number of correct answers on multiple choice tests at each grade level into a scale for each subject calibrated in part by comparing performance by students in adjacent grades on sets of identical questions, a process known as "vertical equating." The resulting scale "uses the same metric for student performance in different age groups or school grades, so that test performance may be compared across grade levels and growth may be assessed in terms of changes in average performance and variability from grade to grade" (Williams, Pommerich, and Thissen 1998, pp. 93, 95-96) . As constructed in 1993, the mean scale score on the math end-of-grade tests increased from 139.9 in third grade to 168.3 in eighth. On the reading tests the mean rose from 142.7 in third to 158.7 in eighth (North Carolina State Board of Education, 1996, table 16, p. 37). Depending on the type of test and the grade level, the state's published tables assume that a student showing "consistent mastery" should see growth in scaled scores ranging from a fraction of 1% to about 3% per year. Although both the math and reading tests experienced at least one recalibration over the period of our sample, they retained the same format, with scaled scores at a given mastery level showing gradual increases from one year to the next.
Our basic approach is strictly correct only to the extent that the intended aim of vertical equating was actually achieved. Despite the 35 As can be inferred from comparing the gender composition of groups A and B in the 1999 cohort shown in table A3, boys fail grades with more regularity than girls. The proportion of boys reaching eighth grade in the normal five years among white students was 92% compared to 95% for girls. For black students the comparable rates were 80% versus 88%, and for Hispanic students they were 87% versus 92%. FIGURE A1.-GRADE PROGRESSION BY RACIAL/ETHNIC GROUP, 1999 COHORT state's efforts, however, it is possible that the attempt to vertically equate scores was not entirely successful-that is, that every student would actually have achieved the same score by taking at the same time tests written for two different grade levels-simply because successive tests are not identical. To allow for the possibility that the scale scores were not, in fact, vertically equated, we present results based on several alternative means of assessing achievement gaps, as discussed in the text and illustrated in tables A1A and A1B.
As noted in the text, simply omitting students who repeated a grade would affect the representativeness of the sample. This may be illustrated by examining the cohort of students who were third graders in 1999. Table  A2 gives sample sizes and mean values of several variables for four groups of students. The first three columns include three groups who took the third grade test in 1999: those who made normal progress through all six grades, those in the cohort who repeated at least one grade, and those students who were excluded from the cohort because they were not present in the data set all six years. Of these 98,857 students who took the third grade test in 1999, this last group numbered almost 20,000, or about a fifth of the total. Of the remaining 79,406 students-those qualifying for the cohort-almost a tenth had to repeat at least one grade. The table's last column covers the parallel group of students who were in a public school and took the math test in the last year, 2004, but who were not present all six years.
The contrast between the cohort's two groups, A and B, shows striking differences. Compared with those with normal grade progression, the grade repeaters (group B) averaged achievement scores in third grade a full standard deviation below the normal-progress group. These repeaters were also disproportionately male (64%, compared with 49% among those with normal progress) and even more disproportionately black (52% versus 29%). They were also more likely to be Hispanic or American Indian and less likely to be Asian. Their parents were markedly less likely to be college graduates and much more likely to have dropped out of school before receiving a high school diploma. The repeaters were also more likely to have family incomes low enough to qualify for subsidized lunches, and they were more likely to have been classified as exceptional in some way other than being deemed gifted. The sharp differences between groups A and B illustrate the importance of keeping the latter in the sample when examining the racial achievement gap.
Characteristics of Noncohort Students
By comparison, the mean values for groups C and D shown in appendix table A2 suggest what kinds of students are omitted from the analysis by restricting our sample to those who are present in all of the six years. Looking at the first group of mobile students, the table shows that those in group C had slightly lower third grade achievement than those with normal progress in the cohort (roughly a fifth of a standard deviation), were much less likely to have college-educated parents, but also less likely to have parents who were not high school graduates. The mobile students in group D, comprising mostly students who arrived in the state after 1999, differed most clearly in their larger share of Hispanic students (10.4%), with a correspondingly higher share of students who were ever classified as having limited English. One other feature marking both of these mobile groups is their high probability of being in one of the state's five largest school districts, a finding consistent with the high relative rates of growth and population turnover in the largest metropolitan areas.
Data Consistency
We performed several checks to see how consistent the administrative data were over time. We were also interested in how students' free and reduced-price lunch status changed. We report here results for the 1998 cohort, but other cohorts looked similar in these regards.
Three attributes that should not change over time are a student's gender, age, and race/ethnicity; yet occasional inconsistences do arise in all of these categories. Given the vagaries of data collection in a multilayered state administrative structure, some inconsistencies are inevitable. When students change schools in the weeks before a test, for example, preprinted forms with student information cannot be made available, so students themselves must provide information on gender, race, and date of birth, taking care to follow all instructions on how to fill in forms, all of which leads to occasional mistakes. Fortunately, such mistakes are relatively rare. In the case of gender, they are quite rare, with a mere 0.4% of the 1998 cohort having at least one mistake over the six years. In fact, only 0.03% of the sample had no modal gender. In these cases, for all but the 1999 cohort, staff of the North Carolina Education Research Data Center examined the names to determine probable gender. Where that examination proved inconclusive, and for all the cases in the 1999 cohort with no mode, gender was assigned randomly. Inconsistencies were more common in the reporting of birthdays, with 5.4% of the 1998 cohort having at least one inconsistency. In these cases the modal birthday was chosen. For the 0.14% of this cohort that had no mode, the midpoint was chosen.
The consistency of the race/ethnicity category is of special importance because of its centrality to the current analysis. The issue of racial The 1999 cohort includes all students who took the third grade end-of-grade math or reading test in the spring of 1999, and the end-of-grade math and reading tests in each year through 2004. Group A includes all those who progressed one grade each year. Group B is comprised of students who were present in all six years but who repeated at least one grade. The samples shown in columns C and D are comprised of students who did not have an end-of-grade math or reading score or were otherwise not in the data set in each of the six years.
a. Each end-of-grade test was normalized using the statewide mean and standard deviation of the scaled score, producing a normalized score with zero mean and unitary standard deviation. For students who were retained in grade, scaled scores were applied to the statewide mean and standard deviation applying to the grade in which they would have been had they made normal progress. See text. Very few in group D were in a state's public schools in their third grade year, so no mean is reported.
b. Age in years is exact only to the month since birth date was available only to the closest month. c. Percentage of students who were eligible for free or reduced-price lunch in either of the last two years covered by the sample, normally grades 7 or 8. Since very few in group C were in the state's public schools in the last two years of the grade span, the mean for this group is omitted.
Source: North Carolina Education Research Data Center; author's calculations.
categories has also assumed more general significance in light of the change in the Census race categories in 2000 and the accompanying scholarly debate over racial classification itself. 36 North Carolina school records allowed for these six categories in all years covered by our data: non-Hispanic white and black, Hispanic, Asian, American Indian, and multiracial. For purposes of reporting to the Department of Education, however, the state used only the first five of these. For our purposes, we classified students according to the group they were placed in four or more of the six years. For the vast majority of students, there was no ambiguity: of the students in the 1998 cohort, 99% had the same race designation in all six years. If students were classified as multiracial for three years and another race in three years, we assigned the student to the latter group. Students for whom there was no majority designation were dropped from the analysis. Interestingly, consistency in racial designation was highest for white and black students. The percentage of students in the 1998 cohort who showed only one race category over the six-year period was white, 99.86%; black, 99.67%; Hispanic, 94.6%; Asian, 94.6%; American Indian, 91.3%; and multiracial, 57.0%. Because information on which students were eligible for the free and reduced-price lunch program was available only beginning in the 1998/99 year, we decided to define our measure of low family income based only on eligibility in a student's last two years, which for most would be their seventh and eighth grade years. This information was available equally for all five of our cohorts. Accordingly, we found that about 44% of students in the 1998 cohort were classified as low income, by virtue of being eligible for free or reduced-price lunch in either 2002 or 2003. To see how well this variable distinguished students, we compared these designations with information on eligibility in each year from 1999 to 2003. We found that three-quarters of those designated low income by our definition in fact were eligible in at least four of the five years for which we could determine their status. On the other side, we found that only 16% of those not designated low income had ever qualified as eligible.
Our measure of parental education is based on information supplied by a student's teacher or counselor, who was asked to indicate the education level corresponding to "the highest level completed by either of this student's parents/guardians." To check for any general tendency to overstate or understate attainment by race/ethnicity, we compared the implied rates by group with those obtained in the 2000 Census for the parents of students aged 8 to 11 in North Carolina. In general, the two distributions are very close to one another. Teachers and counselors were inclined to overstate the college completion rate of white and Asian parents (35.5% for whites compared with 30.9% from the Census; 40.8% versus 38.2% for Asians). But they tended to understate the proportion of black parents who had not completed high school (7.3% versus 14.0% in the Census). The tendency to overstate attainment for white and Asian parents could lead to an overestimate of the importance of parental education since their children have higher average achievement, but the tendency to overstate attainment for black parents would have the opposite effect. 36 See, for example, Perlmann and Waters (2002) and Barr (2005) . 
